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(57) Abstract 



Patterned conducting polymer surfaces exhibiting excellent properties may be prepared by: (a) forming a surface of a conducting 
polymer on a surface of a substrate; (b) forming a surface of a blocking material on the surface of the conducting polymer in a pattemwise 
fashion, to obtain a first patterned surface containing regions of exposed conducting polymer and regions of blocking material; (c) treating 
the first patterned surface with an agent which: (i) removes the conducting polymer from the regions of exposed conducting polymer, 
(ii) decreases the conductivity of the conducting polymer in the regions of exposed polymer, or (iii) increases the conductivity of the 
conducting polymer in the regions of exposed conducting polymer, and (d) removing the blocking material to obtain a second patterned 
surface containing an exposed pattern of conducting polymer. 
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TITL^R TH E INVENTION 

PATTERNED CONDUCTING POLYMER SURFACES 
AND PROCESS FOR PREPARING THE SAME ' 
AND DEVICES CONTAINING THE SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention ; 

The present invention relates to a simple, convenient 
process for preparing high-resolution patterns of a conducting 
polymer on a substrate. The present invention also relates to 
the ; patterned conducting polymer surfaces so prepared and to 
devices, such as liquid crystal displays, which contain such a 
patterned conducting polymer surface. The patterned 
conducting polymer, e.g. polypyrrole, may serve as a 
conducting material to provide a means of addressing selected 
pixels of a lightweight, flexible liquid crystal display. 

Discussion of the Background : 

In current liquid crystal (LC) display fabrication 
technology, the most widely used conductive material is indium 
tin oxide (ITO). However, the use of ITO has several - 
disadvantages in manufacturing. One drawback is the 
relatively high temperature (about 250°C) at which ITO is 
deposited onto glass or other solid substrates, which can 
damage other components of the display such as polymeric color 
filters. Another problem is that when ITO is deposited on 
plastic substrates for purposes such as fabrication of 
flexible LC displays, the ITO becomes brittle and fails when 
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'k display is in a ^^i*^"^-^^^^^ 
T "I is a need ior a pliable conducts —rial to • 
Thus, there is „ , nf flexible and/ or large ^ , 

area LC display devices. ; . : 

• M electrically conducts pelyaer is a desrrable 
lt erT.tive to XTO as « conducting aeterieX. P^us.; .* .can ; > , 
alternative t. flexible . . : ' 

-i. processed at anient temperature and it ^ 

• ^ elastic substrate. A general 
organic material similar to the plasti ^ 
« on the subject of conducting polymers is .the 
reference on the su 3 . _ ^ , £d . , Ma ^ ce l :pe^er , 

^onogFaph S rarmir ronrtuc _., • . lyBer as a 

of using a conducting poxym*"- 
KY NY, 1994. The concept of using 

rr disoiav is described in 0,S, 
for ITO in a LC display x» 

"« 5 - ... , pwl is an excellent 

. . Th e conducting polyer polypyrrole (PPy) 

h ice a replacenent conducts naterial for XTO. -cause 

b prepared by a convenient, in-situ polarisation, , 

•i— —ivity. and optical «— _ ^ _ 
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and pyrrole, as tney 
parent monomers, aniline PY necessi ty of first 

■ Hon This method eliminates the necessity 
25 • polymerization. This solvent 
synthesizing the polymer and then dissolving 
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for film deposition and is the simplest and least time- 
consuming approach for preparation of conducting polymer 
films. The use of aqueous solutions for the in-si tu 
polymerization method also alleviates environmentally-related 
organic solvent disposal problems. Both of these factors are 
important for technological scale-up and commercialization of 
processes using conducting polymers. 

PPy films deposited by the in-situ method can be prepared 
with conductivities > 300 S/cm using the anthraquinone-2- 

suffonate counterion in the presence of 5-sulf osalicylic acid 

i 

(see for example: R.V. Gregory, W.C. Kimbrell, and H.H. Kuhn, 
Synthetic Metals, vol. 28, p. C-823 (1989)). This translates 
to a surface resistance of between 600-3000 n/square, nearly 
two orders of magnitude lower than that for typical 
polyani line films deposited by the in situ method. These PPy 
films can also be obtained with optical transparencies in the 
range of > 65%-70% transparent. Jn-situ -deposited PPy films 
therefore have properties that make them very useful as 
conductive elements for the fabrication of a variety of liquid 
crystal display devices. 

To fabricate an addressable LC display, one of the 
conducting elements must be patterned to a particular geometry 
and linewidths that constitute the designated output of the 
display. Depending on the nature of the LC display, the 
geometry may be in an alphanumeric pattern, a grid pattern, an 
array of dots, or some other pattern. The minimum dimension 
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' in one method, long- 

er nf PPv on various substrates, in one 
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the substrate, 
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• . of Materials, vol. 7, pp. 526-529 (1995). In 
, chemistry of Materials, 

related approaches, the patterned deposition of PPy 
related app by pat ternwise exposure 

initiated at semiconducting substrates by P 
of th e substrate through a solution containing pyrrole 
_ T he polymerisation and deposition o f PPy - ~ 
5 initiated photoelectrochemically at the substrate in the 
irradiated regions o, the substrate. Por a description 
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these approaches, see: M. Hikita, O. Niva, A. Sugita, and 
T. Yamamura, Japan Journal of Applied Physics vol* 24, pp. L79 
(1985) ; and M. Okano, 1 7 Itoh," A~ P^ishiiaV and'K; Honda, 
Journal of the Electrochemical Society, vol. 134, p. 837 
(1987). These methods are limited to metallic substrates such 
as gold or semiconducting substrates such as silicon, and are 
not appropriate for use on flexible, insulating polymeric 
substrates . 

In a second method, -a f luoropolymer substrate is modified 
by f plasma treatment to create regions of greater or lesser 
adhesion for a PPy film formed from an in-situ deposition 
method. The plasma is prevented from accessing the substrate 
in ce^tliTh"!^^ use of a physical mask such as a 

metal grid. The PPy is deposited initially over the entire 
substrate, but is then removed from the unmodified regions by 
either ultrasonication in solution or by removal with adhesive 
tape. For a description of these approaches, see: U.S. Patent 
Application Serial No. 08/401,912 (see above) and L.S. van 
Dyke, C.J. Brumlik, W. Liang, J. Lei, C.R. Martin, Z. Yu, L. 
Li, and G.J. Collins, Synthetic Metals, vol. 62, pp. 75-81 
(1994). These methods are limited to relatively low 
resolution PPy pattern formation, characterized by rough 
edges, and the use of physical masks is not compatible with 
standard manufacturing techniques for preparing commercially 
useful addressable liquid crystal displays. 
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produce sufficient free .radicals to initiate the 
polymerization of pyrrole. Of the four polymers tested, only 
PCAN required as little as 5 minutes ~df exposure with a high 
intensity (1000W) lamp... Also, the reported times for sorption 
of pyrrole into the chlorinated polymer were ^5-10 hours, 
which is impractical for use of this process in routine 
manufacturing. 

Several methods have been described for patterning 
polyaniline (PAni) . In one method, a film is prepared from a 
watSr-soluble derivative of PAni that contains a cross- , 
linkable group on the polymer backbone. The film is exposed 
to electron-beam or UV irradiation, which crosslinks the 
polymer- irr the- exposed-region, —and the- unexposed areas are 
dissolved in water to produce the final patterns. 
Conductivities reported for the patterned PAni films produced 
by this method range from 10 2 to 10 s S/cm, which are much 
lower than the value of 1 S/cm that is characteristic of the 
best films of unsubstituted PAni films (and again several 
hundred times worse than typical values for PPy films) . For a 
description of this method, see: M. Angelopoulos, J.M. Shaw, 
N.C. Labianca, and S.A. Rishtpn, Journal of Vacuum Science and 
Technology, vol. Bll, pp. 2794-2797 (1993) . This method is 
limited to specially-derivatized PAni polymers, and the 
inherent requirement of derivatizing the PAni backbone with a 
cross-linkable group for pattern formation leads to severe 
degradation of the electrical properties of the conducting 
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. It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surfaces 
which affords patterns of conducting polymer exhibiting good 
optical transmission properties. 

It is another object of the present invention to provide, 
novel patterned conducting polymer surfaces prepared by such a 

v 

process. 

It is another object of the present invention to provide 
devices which contain such a patterned conducting polymer 
surface . 

These and other objects, which will become apparent 
during the following detailed description, have been achieved 
by ^h^ihventor^^ patterned- conducting polymer 

surfaces exhibiting excellent properties may be prepared by: 

(a) forming a surface of a conducting polymer on a 
surface of a substrate; 

(b) forming a surface of a blocking material ort said 
surface of said conducting polymer in a patternwise 
fashion, to obtain a first patterned surface 
containing regions of exposed conducting polymer and 
regions of blocking material; 

(c) treating said first patterned surface with an agent 
which: (i) removes said conducting polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 



: WO 97/18944 y* % \/' 

* conductivity of .said 
'I V ; conducting poller in said r eg io^f exposed.; 
A conducting polymer ; and" 
■•V V. ^d) removing said blocking material to obtain a second 
- - ; , . surface containing ^n exposed pattern of 

conducting polymer. 

rniTrr rr— ° TW,TnH of thk okawings 

.'-I. • ' f ho invention and many of 
" A mbreVcomplete: .appreciation of the inventxo 

^ w ui be readily obtained as 
the atWnt advantages thereof will oe 

0 the sam, becomes better understood by reference to the . _ 
Allowing detailed description when considered in connection 
with~the accompanying ^^draving^herein: -• . 

figure ! is a schematic diagram of one embodiment of the 

present process; .. ■ 

15 - Figures 2 a and b are optical micrographs of patterned 

surfaces prepared by the present process; 

- . k wr a patterned surface prepared 

Figure 3 is a micrograph of a pattern 

bv the present process ; 

h of a patterned surface prepared 
Figure 4 is a micrograph of a patterne 

,o by the present process; 

Plgot . s is a —to* ° £ • ^ J - r 

ai sp*rse* 11*1* crystal <» ^ d1 " 9 *° 

present invention; and 
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Figure 6 is a schematic representation of a conducting 
polymer twisted nematic liquid crystal display according to 
the present inventioTT." " "" 

nKTRTLED DFBrPTPTION OF THE PRF T=-FRTtED EMBODIMENTS 
Thus, in a first embodiment, the present invention 
provides a process for preparing a patterned surface of a 
conductive polymer by: 

(a) -forming a surface of a conducting polymer, on a 

surface of a substrate; 

(b) forming a surface of a blocking material on said 
surface of said conducting polymer in a patternwise 

— — f ashion^o^bt^in-^f4*st^atterjied_surface _ 



containing regions of exposed conducting polymer and 
regions of blocking material ; 
(c) treating said second patterned surface with an agent 
which: (i) removes said conducting polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said 
conducting polymer in said regions of exposed 
conducting polymer; and 
(d) removing said blocking material to obtain a second 
patterned surface containing an exposed pattern of 
> conducting polymer. 
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in the first step (a), a surface of a conducting polymer 
: is formed on a surface of a substrate.; In principle, any * 
polymer having an electrical conductivity of at least ; r 
a>10-S/c», preferably at least olO-S/cm, can be used as the 
5 conducting polymer. Such conducting polymers are described in 
Chapter 11 of Organic rnnductors. J.P. Farger, Ed. Marcel 
Dekker. NY, NY, 1994, which is incorporated herein by 
reference. Such conducting polymers include, e.g., cis and 
trans polyacetylenes (PA), polydiacetylenes (PDA) » 
10 polyp?rapheny lenes (PPP) , polypyrroies (PPy ) , polythiophenes 
(PT) , polybithiophenes , poly isothianaphthene , 
polyphenyleneviny lenes (FFV) , polythienylvinylenes (PTV) , 
polypheny lenesulfide (PPS) , and polyaniline (PAni) : For 
convenience, the structures of these conducting polymers are 
15 shown below. 

trans-Polyacetylene: 
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Polydiacetylene: 



/ R 





n 



R = Gj.^-aikyl, phenyl 
Rf = Cj.jj-alkyl, phenyl 



Polyparapheny lene: 




5 Polypyrrole: 




n H 



Polythiophene: 
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Polythienylenevinylene: 




Polypheny lenesulf ide : 






Pexnigianiline 

Polybithiophene: 




In the above-given structures , it is to be understood 
that H atoms may be replaced by substituents, such as Ch- 
alky!, or phenyl or groups containing ionic groups such as 
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car***late _ ^ 

nr through ester, ew«". ' 
dxrectly or th electrica i conductivity, of . - 

substitution worsens the electri 

i^r but may enhance features such as 
conducting polymer, but m y . nl . prfac . for 

Ability or orientation at the air/ water interface, f 
solubility vnvrrole, it is 

nle in particular, in the case of polypyrrol 
example- » P* because such 

■ Ad tnat no substituents be present, becaus 
preferred that no electriC al conductivity. 

_ v««n<-allv lower the eieciri^a 
substituents typically . synthesis . and . 

defences which further describe the yn 

, . , these conducting polymers include: 
properties of these c 459 

, r R Acad. Sci Ser_. £, 
ji P. combarel et al. C^JL_ — - — 

. •• j polyra J __Scl J __symP_ i _c» vu „ 
<!,«,; L.T. *u et .1. ^^77^3^ (Paris) . 

vol. 68, P- rnmann,. P- 
Ti 11974); H. Shirakawa at al, EES 

„. (1977,; O.K. Chiaa, at al, a™*——- (1979); 

109 S (1977); P.J, Higrey et al. fib. 

,„ et al Synth^Jletals, vol. 1, P- 10 
A.G. MacDiarmid et al, l5 o6(l979>; 

„ Pt al T — Wivs.. vol. 71, P- 
D.M. ivory et al, 3 Kanazawa 

» A - F ' °" ^~^»7,> ; .. Tourillon at al, iU 

* 'J/ V „, (lW „ .... -las at 

S^^*^' T 3 ; 139 ,1990, ; Oi— - 

I^^M*- 82 ^' , „ p, 2499 (1989), 

25 et al, vol. 8 . P. 

Metals, vol. ». ,. »» (»»> ■ «■ 
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rnnductino Pollers , Springer Series in Solid State Sciences , 
Vol. 102 , Springer-Verlag, Berlin,. 1992. 

Preferably, the conducting polymer is polypyrrole (PPy) 
or polyaniline (PAni) . It is particularly preferred that the 
conducting polymer be PPy. Moreover, it is especially 
preferred that the conducting polymer be PPy with the 
counterion of anthraquinone-2-sulf onate prepared in the 
presence of 5-sulf osalicy lie acid. Such PPy can be prepared 
as described in R.V. Gregory et zl, Synthetic Metals , vol. 28, 
p. e^823 (1989) , which is incorporated herein by reference. 

The substrate may be any substrate on which the 
conducting polymer can be formed. Preferably the substrate is 
a dielectric or semiconductor. Examples include inorganic 
substrates such as glass, quartz, silica, silicon, silicon 
carbide, silicon nitride, alumina, aluminum nitride, titania, 
titanium nitride, and diamond. Organic substrates include 
polymers, plastics,, waxes; specific polymer materials include 
polyesters (e.g., polyethyleneterephthalate) , 
polyvinylacetate, polyolefins (polyethylene, polypropylene,, 
polyisobutylene, polybutadiene) , polyethers (polyethylene 
oxide, polytetrahydrofuran) polyvinylmethylether , 
polyvinylbutylether, polyamides (Nylon 66), polyacrylamide, 
polyimides, polycarbonates, polysulf ones, polyketones 
(polyvinylpyrrolidone) , f luoropolymers 
(polytetraf luoroethylene, polyvinylidene fluoride, 
poly (tetraf luoroethylene-co-hexaf luoropropylene) ) , aromatic 
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acryla Xe and acrylic acid poiyaexs ( poly.ett,.cxyl.Xe. ^ 
pii i .et h y 1 »e t hacr,la t e«PH»i. POlyacryXlcacid, , • , 

acid, . phenolic poiyaexs ( p.l,vinylpn~ol . ; 

Loin*,. poXy,inyX.Xco>oX. poXy-ine* .poXyvinyXpyr^ 
poiyvinyxcipyridiae- pcly.XXyXa.ine. pdyett.ylene~.ne> . 
pciypeptidea (pciylysine). silcxane peters 
: (pclydiaethylsiloxane) , halccenated pcly^era 
Xpciyvinylchlcride, poiyvinylbenzylchloxide. 
.i^c^yr -..ece^xpcxy^a-pclyvinyx^.^ : 
apcles. copoiy.exs. dexivaXives., and - - ~~ 

/ Pra£ exxed suXsXxaxes fox liquid cxysxal display 
ippUeaXions axe fXe*i>Xe. xx.nsp.xenX poiyaexs suc^ 

.WUC poxy.^. Poxv— — 
, : a »a fiuoxopoiyaexs. in a pxefexxed eaxcdxaenX. Xne 

is £l exi.xe. Xn a pax.icui.xXy pxefexxed ea^odxa enX^ n 
W~ - . -oxopdXy-x, union h as neen 
; .escxioed in U.S. »— t - " 

are incorporated hexein by xeference. 

Tha surface o £ tt>. conducting poiyaer can >. «— - 
^ suxf.ee of xn. .en.xxaxau.in, any conventional ~tt>od. 
«... a soiuxion of pxeforaed poiyaer aey = 
di p-co.Xed on X h e suosXx.X.. Houevex. XX - P«f 
J e eo nducXin, poiyaex suxf.ee ne foxaed on X h e surface * «. 
5 sute xr.te Xy in-sixe poiyaerU.xion of x„e aonoaexs wnxen ^e 
U p xne poiyaex in x h e pxesence of xn. su.sxx.xe. ^ 
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formation of a surface of PPy is described in R.V. Gregory et 
al, Synthetic Metals, vol. 28, p. c-823 (1989), which is 
incorporated herein by reference. The in-situ formation of a 
surface of PAni is described in J. H. Cheung et al, Thin Solid 
Films, Vol. 244, p. 985 (1994), which is incorporated herein 
by reference. 

The first step (a) of the present process thus yields a 
continuous layer of the conducting polymer on the surface of 
the substrate. Typically, the conducting polymer layer will 
be ^ nm to 1 mm, preferably 10 nm to 500 nm, thick. Control 
of the polymerization conditions to obtain a layer of 
conducting polymer having the desired thickness is within the 
abilities of one haying ordinary skill in the art. 

In the second step (b) , a patterned surface of a blocking 
material is formed on the surface of the conducting polymer. 
The blocking material may be any conventional material which 
does not adversely affect the properties of the conducting 
polymer. For the purposes of the present invention, what is 
needed is a film of sufficient thickness that can be applied 
to the conducting polymer surface in a patterned fashion so 
that it can effectively block an etchant (or conductivity- 
altering reagent) for the conducting polymer in selected 
regions of the substrate, and then be removed to reveal 
patterns of conducting polymer and no conducting polymer, or 
conducting polymer and altered conducting polymer. 
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-a surface /of bXocMn, »teriaX^.ay be fomed 
: ,; TO e patterned surface patt «^ : *r.diatio» 

by any con^ntionaX ^^'^^^J^ staBp or patternwise 

spraying, in ^ ^ a resist and 

^ioCdn, »«riaX, tne ."^J? 
,tep ,0, .iU i-o»« foXXo-in, substeps. 

S P ■ # a resist on said 

• (bl) forming a surface of a, resist 

, . . surface of said conducting poller;, 
., ^ exposing said surface of said resist to^ ^ - 
: ■ actinic radiation in a patternvise fashion, 
to obtain a Patterned surf ace staining 
regions of resist which have un exposed 

£o sa-id actinic radiation ,nd regions of . 

. have no t been exposed to said 
resist which have noi. 

actinic radiation; 
(b)) ^exopxn, saXd patterned surface obtained 
iD step (b,, to obtain a patterned surface 
co „ t ainin, rcioos of o W o S oa conaoCin, 

poxy^r and re,ions of re»ai»m g resist 
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polymer ana re?^- " . orial 

the blocking material 

, Hv . to photons (infrarea, 
will be sensitive to p be a 

v A typical imaging f il» woUAa 

ions, or electrons. vp ^ Descriptions 

phot oresist, ion heam resist or e ^ e . 

of various types of imaging films. * f ied 

fiis ts x-ray resists, including chemically 
beam resists, x . as we 11 as positive and 

and non-amplified photoresists, as 
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negative tone resists, are found in: W. Moreau, Semiconductor 
Lithography - Principles, Practices, and Materials . Plenum 
Press, NY, 19 8 8 T — Chapters 2-5 ? — pp^— 29-258- ; R. Dammel, 
Diazonaphthocruinone-based Resists . SPIE Press, Bellingham, WA, 
1993; E. Reichmanis, S*A. MacDonald, T. Iwayanaga, Polymers in 
Microlithoaraphy: Materials and Processes , ACS Symposium 
Series Vol. 412, ACS Press, Washington, DC, 1989; L.F. 
Thompson, C.G. Willson, and S. Tagava, Polvmers for 
Microelectronics: Resists and Dielectrics . ACS Symposium 
Series Vol. 537, ACS Press, Washington, DC; 1992, all of which 
are incorporated herein by reference. 

Alternatively, another method for applying a patterned 
Moving film would be to ph ysica lly stamp or spray a blocking 
material onto the conducting polymer surface in the selected 
region, and then proceed with etching or doping of the exposed 
regions of the conducting polymer surface. In the case of 
stamping and spraying, any inert material which can be readily 
removed without adversely affecting the conducting polymer 
layer may be used as the blocking material, such as a 
polymeric material as described above or a nonpolymeric 
material such as a wax or a compound which contains a long 
(C l2 . 3 o) alkyl chain or other hydrophobic group. 

Examples of specific commercially available e-beam 
resists and photoresists include: S14 00, S1800, SNR-248, 
SNR-200, and SAL-601 (all from Shipley Co., Marlborough, MA); 
the AZ 1500, 1900, 6100, 4000, 7000 series and the AZ P4000 
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cexane v : — — 19957 which is 

HoechsrceaTneTe ccrpc^tion, So^rviUe, KJ. . 

incorporated herein by Terence) , and the e . e ^ 

fPMMA. (Aldrich Chemical Co., 
po lyncthyl nethacrylato (P«HA, ^ 

or, Preferred photoresists, due to i« 
Milwaukee, HI)- P"" 1 * ...ivitv to visible , 

wide availability, end sensitivity to 
as l0 ver cost, vide ^ dia20naph0> ^inone-novolaK , 

end long vavelenoth OV. are tn M -1900. 
tyP es. e*e. P li £ ied by the s»00. SlflOp, and AZ 1,00. 
M -,400 and ««. series resists, _ ■ ^ ^ 

Either a positive or a negative photoresist 

Let is one in which pattemwiee irradiation 
* Ph ;^-L— t develop^ affords a 
with actinic radiation 

kerned surface in which the photoresist wh^as , 
. mediated is reeoved fron the surface. .. native 
' Loresist isone in which pattemwise . 

" ^ aevelopment affords a 

actinic radiation and subsequent develop . 
;lemed surface in which the photoresist which wes not 
dieted is resoved «- the surface ^ 
Th c surface of the photoresist may be 
50 - lv » e r by any conventional method, 

surface of the conducting polymer by 

• C oatina dip-coating, roller coating, etc. 
such as spin-coating, dip subst rates; 

• ^ferred for wafers and smaller (<12 ) s 
coating is preferred . substr ates, 

Hnflis of particular use for large area 
Roller coating is 01 f 
25 lech as large area liguid crystal display substrates. 
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* Photoresist layers for this type of process may range 
between 001 and 10 microns in thickness; typical values are 
0.5-2 microns, although thicker and thinner ones may 

conceivably be used. 

In substep (b,),, the surface ybf the photoresist is exposed 
to actinic radiation. The exact nature of ' the actinic 
radiation used will depend on the type of photoresist used in 
the second step (b) . 

Photoresists of the .novolak-diazonaphthoquinone type are 
typically sensitive throughout the UV to near visible range, 
i.e., from -450 nm down to 190 ran and below. Chemically- 
amplified photoresists are generally designed for use with 
high resolution exposure ~tools_such_as_deep UV steppers, and 
are usually sensitive to radiation from about 365 nm down to 
190 nm and below. For a description of the operation of 
optical and other radiation exposure of resists, see: W. 
Moreau, fi^mi conductor Lithography - Principles/Practices, and 
Materials . Plenum Press, NY, 1988, particularly Chapters 8 & 9 
(pp. 365-458) which is incorporated herein by reference. 
Typical sources for photolithography include: high pressure 
and low pressure Hg lamps (emitting UV and visible light, 
operating from 185 nm thru 700), and laser sources (e.g., ArF 
and KrF lasers, operating at 193 nm and 248 nm, respectively) . 

The surface of the photoresist is irradiated in a 
patternwise fashion by using a photolithographic mask. A 
discussion of photolithographic masks and their use in 
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contact, probity, ana predion Printin, j 
Moraao. S^^^ 

— U incorporate narain >y ra<aranca. *na axact 9 ao.atry 
W t„a nas* V.U aapana on: U, tna Pattam o t t h a conaact^ 
pciynar aesiraa; U, vhatnar a positive or na,ative 

. ■ , the type of agent being 
photoresist is being used; and (3) the typ 

used in step <c). ,. of ; 

... , fln , M affords a continuous layer of 
Thus; the second step .(b). afforas 

th e pnotoraaUt on ma snriaca o, tna iayar o f tna 

£ orain, tna photoresist surtace to oOtain a iayar * • 
pnotoraaiat -in, tna ansiraa tnicKnass is ~« — «- 
abilities of the skilled artisan. 

«n.n nsin, a posit-. P-or.sist .„,nn a 9 ant wH.cn 
sitnar ,i> —a tna conanctin, poiyn.r tro. tna rao.on - 
arposaa oonaactin, «i« or <ii> aacraasas tna 

Ttna co^ctin, poiynar in tn. regions o< srpos.a ccnauc - 
Wv-ar. tna aaa, wiXi naVa a ,eonetry - mat tnoaa radons 
. o t tna surface on which no conauctivity or reaucaa 

conanct.it, ara aesirea .re irr.ai,t.a a„a tnoaa re,^ 
th . sur f ,ce which ara aesirea to exhihit g ooa conaoet^ty 
not irr.ai.taa. «nan a native photoresist ana an a 9 ent 
which ,iii» inoraasas tna oonauctivity o< 
25 poiyeer ara nsea, tna Sana typa o f nas* nay he usaa. 
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Alternatively, when a positive photoresist is coupled 
with an agent of type (iii) or when a negative photoresist is 
—co upl e d v ith-an agent of-type - (i) or : (ii) , then -the mask will 
have a geometry such that those regions of the surface on 
which no conductivity or reduced conductivity are desired are 
not irradiated and those regions of the surface which are 
desired to exhibit good conductivity are irradiated. 

The time of the irradiation will depend on the intensity 
and wavelength of the irradiation source and the thickness of 
the photoresist layer. The adjustment of the radiation time 
to achieve complete irradiation of the desired regions of the 
photoresist surface is well within the abilities of the 

skilled-artisan. — — - — 

Thus, substep (b 2 ) of the present process yield a first 
patterned surface which contain regions of photoresist which 
have been exposed to actinic radiation and regions of 
photoresist which have not been exposed, to actinic radiation. 

In substep (b 3 ) , the patterned surface obtained in substep 
(b 2 ) is developed to remove regions of photoresist. The 
development is typically carried out by contacting the first 
patterned surface with a reagent or solvent which selectively 
removes photoresist on the basis of whether or not the 
photoresist has been exposed to actinic radiation. When using 
a positive photoresist, the developing step will result in the 
selective removal of the photoresist from those regions of the 
surface which have been irradiated. When using a negative 
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: photoresist, the developing step will result- in the selective : 
reioval of the photoresist from those regions of the surface 
which have not been irradiated. Suitable developing reagents 
or solvents are described in Chapter 10 of Moreau et al , 
^i^^ ; L^ ^ - ^"^m Practices, and 

^te^/yi^ Press, NY, 1988, pp. 459-544, which is 

incorporated herein by reference. 

Thus, substep (b,), affords a patterned surface which 

contains^egions of exposed conducting polymer and regions of 
.. Wining photoresist. Control of the conditions, such as 

time, temperature and concentration, to ensure complete 

_ ,v, \ ic a ie 0 well within the abilities 
development in substep (b,) is also wen wxwx 

of the skilled artisan. " 

in step (c) of the present process, the first patterned, 
surface obtained in the step (b) is treated with an agent 
which: (i) removes the conducting polymer fro. the regions of 
exposed conducting polymer; (ii) decreases the conductivity of 
the conducting polymer in the regions of exposed conducting ■ 
polymer; or (iii) increases the conductivity of the conducting 
polymer in the regions of exposed conducting polymer. 

Examples of agents which (i) remove the conducting 
polymer fro. the regions of exposed conducting polymer include 
both physical and chemical etchants. Examples of physical 
etchants include ion milling (e.g., Ar ion bombardment), wh^ch 
would etch the PPy and blocking material at comparable rates, 
and therefore remove the PPy before the blocking material was 
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eaten away. This requires a complicated, expensive tool and 
is less preferred. Chemical etchants may take the form of a 
solutioir~©r vapor -phase. — Examples -of -vapor-phase etchants 
include an oxygen or air plasma, that oxidize and eat away the 
resist and PPy at comparable rates. The ion milling and 
plasma etching approaches are good with photoresist masking, 
because the resist is thick compared to the conducting 
polymer. For solution etching, there are two main 
requirements of the etchant: the conducting polymer has to 
either be soluble in the solution, or be converted to a 
soluble species in the etchant, and the etchant must also not 
dissolve or distort the blocking material. 

_ since photoresist s~-are_gener ally soluble_ox^,swellable in 

many organic solvents (see discussion on resist stripping 
below), especially polar ones, most organic solutions are 
unsuitable as selective etchants for the conducting polymer 
which will not also attack the photoresist. PPy is generally 
an insoluble material. Therefore, the polymer PPy could not 
be readily synthesized and then cast into films for 
applications. It is for this reason (as well as overall 
process simplicity) that the in-situ deposition process is of 
such importance. Organic solutions are also less preferred 
than aqueous solutions for disposal purposes. 

There are a number of reports in the literature of 
electrochemical or chemical oxidation of PPy with various 
reagents, including oxygen in the presence of water, Pb0 2 , Ag # 
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Cu>\ Fc-; Br„ I,, spectroscopic studies suggest that 
nidation of PPY with these reagents involves changes such as 
hydroxylation of the pyrrolyl nitrogen or conversion of 
pyrr ole ring methylene groups to Ketone or carboxylic. acid 
functionalities, but does not substantially break up the 
poller into soluble material ( see : • G . B . Street , T. C . Clarke , 
M . Krounbi, K. Kanazawa, Y. Lee, P. Pfluger, J.C. Scott, and . 
G . weiser, Molecm n Crystals and T.lrpiM crystals, Vol. 83, ■ 
pp.. 253-264 (1982) ; C. KaXouris, J. A. Crayston, and J.C. 
Walton, Svjlthetic Metals.' Vol. 48, pp. 65-77 (1992) ; P. A. 
Christensen and A. Hamnett, Electrochimica Acta, Vol. 36, 
pp. 1263-1286 (1991) , J.' Lei, W. Liang, and C.R. Martin, 

MetalS. Vol. 48, pp. 301-312 (1992.) . 
Street reports that oxidation with Ag-, Cu", Fe-, Br,, I, 
serves to increase the conductivity of the PPy, whereas 
oxidation with air or oxygen results in decreased 
conductivity. 

The only report that describes dissolution of PPy by" 
proposed degradation into „ono»eric, diaeric. and other 
soluble .regents is the report by c.c. Chen and K. Pajesbwar, 
■ L _ E1 e £ troc B e i ^. Vol. 141. PP- "42-2946 (1*>4), Here, 
chloride , ion was electronically oxidised to hypochlorite at 
. PPy coated electrode and the disintegration and dissolution 
of the PPy fro. the electrode was observed. No suggestion was 
5 „de for using the electrocheaically generated hypochlorite 
£or patterning PPy; in fact, the vor* revealed this reaction 
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to be a deleterious side effect in the use of PPy as an 
electrode coating for battery ceils using chloride ion 
electrolytes. 

Thus, OG1" is the only; reagent reported in the literature 
that can function as an etchant for PPy. Also, as it does not 
dissolve or degrade the photoresist, it is ideal as an etchant 
for the present process. Ceric (IV) ammonium sulfate has now 
been found to function as an etchant by removing the PPy from 
the substrate. The mechanism of its operation is unknown. 
Both hypochlorite and Ce(IV) are strong oxidants, with formal 
potentials of +1.63 V (vs. NHE) and 1.44V (vs. NHE), 
respectively. However, oxidation potential is not the only 
important factor, as PbO a , which is reported by Kakouris to 
oxidize PPy, but not dissolve it, has a formal potential of 
+1.46V - greater than that for Ce(IV) . Hydrogen peroxide, 
manganese dioxide, nitric acid, and perchloric acid, all shown 
in Example 2 below to have little effect on the dissolution of 
PPy, have formal potentials of +1.78V, +1.21V, +0.94V, and 
+1.19V, respectively. All of these oxidants can be compared 
to the electrochemical potential for oxidation of PPy, which 
is — 0.2V; so every one of the oxidants mentioned above has in 
excess of IV driving force for the oxidation of PPy, yet only 
two reagents were found to be able to dissolve (as well as 
presumably oxidize) PPy. 

Other agents which may be used for PPy removal are 
strong, aqueous oxidants and include: permanganate ion (Mn0 4 *, 
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Press, im-73, *>• AM-UK ^ 8alts .re preferred. 

Hypochlorite salts and cerru. (!V) salts 

,o„ say be any that does not interfere or have a 
The gegen ion say be any Ms and K say 

,„ the case of hypochlorite, »a 

aeleterioos effect. _ case of ce(IV) ... the 

he nentioned as suitable cations, m the c ^ 

' sulfate salt has been found to « usef^ ^ 
- - — band, -i can (we 

use dieethylacetanide, solubility in dmethylf 

iidone or aqueous acids has been reported, see 

..thylpyrroUdone, » ^ 5aja!£Si£jJsSalS . vol. 

K .P. schoch, w.A. Byers, L.J. ^T^Tand K.b 

- vf y Pun, E.T. isany, 

,2, PP. I"" 

Metals, Vol. 73, PP- 209-215, (19«» • 
^ of stents that dissoive the 

Houever. the s„e a photoresist. 
, PM1 i also -HI 1*-T ^ ^ so lution-based 

it is not obvious at this pom 

identify the proper combination of 
r „oyal approach^ ^ pr . ter red oridising 

e " tentin t I'. 0 IHf ^hypochlorite, such as potassiu. or 
agents include salts 01 

voorite and eerie ammonium sulfate. 
, 5 sodium hypochlorite, ana 
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As shown in the Examples given below, removal of PPy by 
the hypochlorite and Ce(IV) etchants was essentially complete 
within seconds. Typically", these oxidizing agents will be 
applied to the first patterned stirface in the form of an 
5 aqueous solution. In the case of hypochlorite, 0.001 wt.% to 
50 wt.% solutions in water are suitable, and 1 wt.% to 10 wt.% 
solutions are preferred. Irt the case of cerium ammonium 
sulfate, 10* 4 to 10 M in water solutions are suitable, and W 2 
to 1 M solutions are preferred. Typically, the first 
10 patterned surface will be treated with the oxidizing agent at 
15 to 95°C preferably 20 to 30°C, for a time of 0.1 to 100 
minutes, preferably 1 to 10 minutes. The control of the exact 

cond itions t o~ achieve-complete-removal-of the exposed 

conducting polymer is well within the abilities of those 
15 having ordinary skill in the art. 

Of course, it is to be understood that it is not 
necessary to remove all of the conducting polymer from the 
regions of exposed conducting polymer. Rather it is only 
necessary to remove sufficient conducting polymer so that the 
20 conductivity in the regions of exposed conducting polymer is 
decreased to a level significantly below that of the 
conducting polymer in the unexposed regions. For example, in 
the case of PPy, a 15 nm thick layer will typically have a 
conductivity of 500 S/cm. Since the conductivity of the PPy 
25 decreases with decreasing thickness, removal of only a portion 
of the PPy from the exposed regions will result in a decreased 
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^i^ i* those Won,. X decrease inconduc «*» hy 
i Sector, of XOO is easily achievahXe even without ^ U 
•4' the conducting poXyaer fro- the exposed regions. «-» the 

.elective, action thresh the regions ot higher . 

Conductivity, ^-^p— 
us ea in a U W ia crystal display, it is preferred that the 
, conductivity of the expc-sed regions .« conducting^ he. 

* rtat the ratio of the oonductivity of the 
reduced such that tne 

untreated citing poXyeer to the conductivity 
Seated conducting polyaer ~ at-Xeast 10-, pref erahiy X. 

Th e change in surface resistance that was ohtamed - 
5 Sxaaple * helow. was a aecrease of -1S0X- 

, for a starting vaXu. of surface resistance for 
one exanple, for a scar,. * m 

m of ... .oh»/sg <Koha - XC oh.,, treataent wrth MP 312 
aeveioper .tetra.ethylaneoniue hydroxide agueous soiut.on, 

stance of -305 KOlWsg. giving a change 
' produced a surface resistance 

20 ° £ ^.effect of having regions of higher vs. Xo-er surface 
distance with respect to Xiguid crystai switching is to 
£1 «ten and spread the intensity vs. voltage curve. ^ 
Dl£ f erential switching in one region vs. another occurs - 
25 aepends strongXy on the switching voltage freguency. ™s. 
t he liguid crystai LC switching characteristics of those 
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regions would be different, which may be used in a display 
configuration. - f 

Examples of agents which (ii) decrease the conductivity 
of the conducting polymer in the exposed regions of conducting 
polymer include hydroxides of the formula R^NH/, in which R 
is C^-alkyl and x is an integer of 1 to 4 and aerial 
oxidation. Especially preferred is tetramethyl ammonium 
hydroxide. As in the case of the agents of type (i), the 
agents of (ii) are typically applied to the second patterned 
surface in the form of an aqueous solution. In the case of 
R 4x NIVOH~, 1CT 4 to 10 M solutions are suitable, and 10° to 1 M 
solutions are preferred. 
— — — The-exaet- eonditions-of— tr«atment^with_the^g_ejrit of type 
(ii) will of course depend on the exact nature of the agent 
and the conducting polymer. In the case of a 0.27 M aqueous 
solution of tetramethylammonium hydroxide and PPy, good 
results may be achieved using treatment times of 0.1 to 100 
minutes, preferably 1 to 10 minutes, and temperatures of 15 to 
95 °C, preferably 20 to 3 0 °C. As noted above, when the present 
patterned surface is to be used as a circuit or in a 
biochemical sensor, the treatment of the second surface with 
the agent of type (ii) is suitably carried out so that the 
conductivity of the conducting polymer in the regions of 
exposed conducting polymer is reduced by a factor of 10%, 
preferably 50%. However, when the patterned surface is to be 
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nscd in a liquid crystal dismay, greater reductions are ., 
necessary as described above. . . ' ' 

B.a.ples of. suitable a 9 ents o, the type ,iii, which 
increase tbe conductivity of the exposed conducting polyeer 
include strong protic acids, super ebids, various oxidants 
(se e p.,. * *M-i-* « ' «lectrocb«ic.l oxidation. 
Pr e f erred agents ot type <iii, include «C1. HHO,. ahd BCIO 
^ih, . the second patterned surges .ill typically be treated 
wlt b an aqueous solution of the a g ent »f type ,iU, • - tbe 
case or strop, Protic acids, snob as HC1. HHO,. HC10.. and 
„,so.. 10-« to 10 M solutions are suitable. and 10- to 1 M. 

solutions arc preferred. 

4-^^nArature-used-when treating the 
Theexact time and- temperature-™* 

„ c „ r f ace will depend on the identity of the 
second patterned surface, wxli aep . .. 

agent of type (iii, and the conducting polymer- In the 

. i M solution of HHOj and P^, good results may he achieved 
us ing a treatment time of 0.1 to 100 minutes, preferahly 1 to 

- ,,». M-C preferably 20 to 
10 ninutes, and a tesperature of 15 to 95 C, pr 
a „.C. when tb, patterned surface of conducting polyser !S to 
be used as a circuit or in a biocbesical sensor, tbe treatment 
with tbe a,ent of type < iii, is suitably carried out so that 
tbe conductivity of tbe exposed conducting polyeer is 10%. 

*-v, a „ that of the conducting polymer in 
preferably 50%, greater than that of 

the unexposed regions. 

Tbus. step «c, affords , surface vbicb contains reg.ons 
of blocking eaterial (renainin, pbotoresist in tbe case when 
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substeps (bj), (b,) . and b,) are used) and regions in which: 
(i') at least a portion of the conducting polymer has been 
removed; (ii') the conductivity- of-the^exposedl conducting 
polymer has been decreased; or (iii') the conductivity of the 
exposed conducting polymer has been increased. 

In step (d) , the blocking material is removed. 
Typically, the remaining photoresist will be removed by 
washing with a solvent or stripper. The exact solvent will 
depend on the identity of the photoresist. Strippers for 
resists are described in Chapter 14 of W. Moreau, 
semiconductor Lithography -Principles. Practices, and 
Materials, Plenum Press, NY, 1988, pp. 779-812, which is 
-incorporated .herein ..by _ref e.ren C ^_The^bj^ here is to 
strip the resist without adversely affecting the conducting 
polymer that remains on the surface. Strippers can be: 

1) organic solvents, typically polar solvents such as 
chlorinated hydrocarbons (e.g., methylene chloride), ketones 
(acetone, methyl ethyl ketone, methyl isobutyl ketone, N- 
methylpyrroiidone) , esters, alcohols, dimethylsulf oxide. 
Preferred arc non-toxic solvents like acetone that have been 
shown (Ex. 2), not to affect PPy; or 

2) Agueous strong acid or base solutions. 

In the case of the photoresist S1400, acetone is the 
preferred solvent. The selection of a suitable solvent for a 
given blocking material is within the abilities of those of 
ordinary skill in the art. 
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Bel ,„val of the bXoc*in, -serial in step <d> afford. 
surface containing regions of exposed conducting poXyner 
having a conductivity substantially eguaX to that of the 
conducting poly-er surface f omed in the first step (a, and ,: 
regions in which: <i< > at least a portion of the conducting 
pclyer has seen reeoved; (ii'> the conductivity of the 
exposed conducting pelyner has seen decrease.- or (iii't the 
conductivity of the exposed conducting polyner has been 

increased- i«« 
!„ cases ,i> and (U) . the regions of conduct^ polyer 
which were not exposed and which were not treated with an 
ag ent in step ,.. «iXi have a higher conductivity than the 
-^gi 6M ( i-rand -«ii-)— xn-the-case ,UH. the regions of 
conducting poiyeer which were nbt exposed and which wera not 

• (r\ will have a lower 

treated with an agent in step (c) wni n 

conductivity than the regions (iii') ; \ 
By .cans cf the present process, it is possibXe to obtain; 
surfaces having an exposed pattern of conducting poXyner „ 
Which the pattern of conducting polyner has any geceetry or 
pattern which is conventionally achievable using 
photolithographic technigues. Thus, it is possible to ach.eve 
patterns in which the line width of the regions of hxgh 
conductivity or low conductivity is as fine as 0.1 nicron 
Unewidths using current state-of-the-art optica! lithography 
5 technigues. and -10 . or below using state of the art 
electron-bean or ion bean exposure tools. 
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The patterned surfaces of conducting polymer produced by 
the present process may be used as the conductive element in a 
liquid crystal display device. Thus, the present patterned • 
surface can be used as a replacement for a conventional 
patterned surface of ITO in a liquid crystal display device. 
However, as alluded to above, due to the flexible nature of 
the conducting polymers, it is preferred that the present 
patterned surface of conducting polymer be present on a 
flexible substrate and constitute the conductive element in a 
flexible liquid crystal display device. 

Figure 1 is a schematic diagram of one embodiment of the 
present method. In the first step, a film of PPy is formed on 
a^p-olymer-substratev^ in-the-second-step .^_a_Oayer of 
photoresist is spincoated on the PPy. In the third step, the 
photoresist is exposed to actinic radiation in a patternwise 
fashion, m the fourth step, the exposed photoresist is 
developed to remove the photoresist from the regions which 
were exposed to actinic radiation in the third step and to 
expose regions of PPy. In the fifth step, the exposed PPy is 
removed by etching, and in the sixth step, the remaining 
photoresist is removed. 

The present invention will now be explained in further 
detail in the context of PPy. However, it is to be understood 
that the good effects of the present invention may be achieved 
using other conducting polymers. 
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.This invention describes a simple , practical process for 
producing high resolution patterns of a conducting polymer on 
p^nel*^^ notr been described or 

contemplated in any of the previous reports on the patterning ; 
of conducting polymers. Thin films of PPy can be deposited by 
the in-situ method onto piasm^modif ied flubropoiymeric - 
substrates using previously described procedures. a' ; 
photoresist is then applied to the conducting polymer: film. , 
The photoresist is exposed with UV light through a contact 
.as*, and is developed to form a pattern of photoresist^ top- 
of the PPy film. An aqueous solution of sodium hypochlorite 
or other reagent is then applied to the photoresist-coated PPy 
to-^emove the PPy film-from the-regions not protected by the 
photoresist. "Finally, the photoresist is dissolved from the 
surface using a solvent such as acetone, leaving patterns of 
electrically conductive PPy on the f ludropolymer substrate. A 
• schematic description of this process is shown in Figure 1. 
The PPy-patterned substrate is then used as the pattern- 
forming conductive element in a liquid crystal display. 

in a variation of the present invention, the PPy is 
deposited onto the f luoropolymer substrate as above and the 
photoresist is applied, exposed with UV light, and developed 
with an aqueous solution of tetramethylammonium hydroxide 
(TMAH) - a conventional commercial photoresist developer. The 
TMAH increases the surface resistance (and decreases the 
electrical conductivity) of the PPy by a factor of -150, but 
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does not remove the PPy from the- substrate. The photoresist 
is then dissolved from the substrate as above. . In this case, 
the highly conductive^PPy regions can be used as the active 
regions of an LC display, whereas the more highly resistive, 
base-treated regions will not switch as effectively at the 
same applied voltage and do not function as active areas. 
This configuration may be preferred in applications where the 
complete removal of the PPy film is not desired. In this 
embodiment, steps (d) and (e) are combined. ; ... ' 

Finally, certain reagents such as hydrochloric acid, 
nitric acid, sulfuric acid, and perchloric acid as well as 
those reported in the literature have been found to decrease 
the surface resi stance -(and-incr ease- the-eonductivity) of as- 
formed PPy films by up to a factor of 3. Treatment of PPy 
films, either before or after photoresist patterning 
procedures described above, can be used to optimize the 
electrical characteristics of the PPy for display 

applications. 

Materials and methods for producing patterns of 
conducting PPy patterns on f luoropolymeric substrates are 
described in the examples below. However, the photoresist 
patterning method, coupled with appropriate reagents for 
either removal, impairment, or enhancement of the electrical 
properties of the conducting polymer is a general concept that 
can include non-f luoropolymeric substrates (including 
inorganic and other polymeric materials) , other conducting 
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polymers (such as polyaniline, polythiophene, polyacetylene) V 
and other etchants (solution phase or plasma). The patterned 
conducting polymers produced by this approach can be used for 
liquid crystal displays, sensors or transducers for 
electrochemical, radiation, temperature, or acoustical input, 
microelectronic circuitry, or other applications where 
patterns. of electrically conducting polymers are required. 

Other applications of the patterned conducting polymers 
afforded by the present invention include: actuators; 
antiradiation coatings; antistatic coatings and carpets; 
coatings, fibers, films, paints, etc.; artificial muscles; 
batteries (lightweight, high energy density, rechargeable, 
flexible, odd-shaped); capacitors and supercapacitors ; 
catalysts; coating for initiating electrons or electrolytic 
metal plating on dielectric substrates; conductors 
(lightweight); controlled-release medicine delivery systems; 
corrosion-preventive paints; displays ; electrochromic and 
electroluminescent displays; smart windows; electrodes . . 
- (catalysts, fuel cells, etc.); electromagnetic shielding; 
electromechanical actuators for biomedical devices, 
micropositioners, microtweezers , microvalves, etc. ; electron- 
b eam resists; field effect transistors; fuses (reversible) -g* 
separation membranes; heating elements (e.g., clothing); 
infrared reflectors; photolithographic resists; loudspeakers 
(electrostatic); memory devices (electrical, optical); 
molecular electronics; micro- or nanoelectronic circuitry; 
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nonlinear optics; packaging materials; pH modulator; ... 
polymer/solid electrolytes; semiconducting devices: p-n 
junction, photovoltaics T ~Schottky-diodes,__light-em 
diodes, transistors, etc.; and transparent conductors. 

Such applications are discusised in J*S. Miller, Adv. 
Mater., Vol. 5, p. 587 (1993) and in Moreau, pp. 759-823, 
which are incorporated herein by reference. 

A polymer or glass fiber coated with PPy or other 
conducting polymer in a selected region may be used as a 
biocompatible electrochemical sensor that may be inserted or 
implanted into a cell or other small area. It has recently 
been reported that neurons may be stimulated by voltages 
applied to a conducting polymer-coat ed p lastic; there was no 
pattern definition involved- The present invention may be 
used to provide electrical stimulation to neural networks much 
like those currently produced on glass substrates. Acoustic 
sensors may be fabricated by putting PPy electrodes onto a 
piezoelectric pplymier such as polyvinyl idene fluoride. These 
sensors become more sensitive as they have less mass to 
displace, and using a lightweight conducting polymer, rather 
than a metal electrode, could yield improved acoustic sensors. 
Conducting polymers have high electrical conductivity, but 
poor thermal conductivity and, as such, may be used to prepare 
improved pyroelectric detectors, because current materials are 
much better thermal conductors and spread heat, thereby 
lowering the resolution of the thermal image. 
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■: if& In addifenyShe present patterned surfaces' of cbnducting 
P^ers may be used as a plating base for the pattemvise 
plating of : a Setal on€b-the- surf ace .-"The present-patterned 
donductihg pollers may be used as a plating base for either 
iifcctroless* plating or electroplating (in which current is 
passed through" the conducting poller) of petals as- circuit 
traces,' vias, or interconnects on nonconductor substrates. 

Other features of the invention will become apparent in 
the course of the following descriptions of exemplary : 
e m b odim fe nts which are given for illustration of the . invention 
and are not intended to be limiting thereof. 

substrates. 

.; conductive films of polypyrrole were deposited onto 
nodified tettefl«oroethylene-=o-hexafluoropropylene (FEP) 

filM (obtained f ro* DuPbnt Co. . Wilmington. »E, using the — 
• situ polymerization method. A transparent film of .m was cut 
into a 1.5 X 1.5 inch square and then ultrasomically cleaned 
in methanol, for 30 sec. The FEP was then placed into a 
Harris* radio frequency glow discharge (RFGD) plasma cleaner 
(Model PDC-»g> which was bodif led with an in-line high vacuum 
ieak valve for controlling gas flow and chamber pressure. A 
mixture of H, and methanol was then introduced into the plasma 
chamber under constant flow conditions such that a constant 
pressure o, 100 mTorr was achieved. The FEP film was then 
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exposed to a plasma for 1.5 min.. After removal from the 
plasma chamber the modified FEP film was then ultrasonically 
washed in methanol. — This-proeess-eontrollably def luorinates 
the FEP film and produces hydroxyl (-0H) groups on the surface 

5 of the polymer. The plasma modification process has been 

described in U.S. Patents 4,946,903 and 5,226,309 f which are 
incorporated herein by reference. 

Deposition of conducting films of polypyrrole (PPy) onto 
modified FEP was done using an in-situ polymerization 

10 technique. Pyrrole monomer (0.6 mL) was dissolved with 

magnetic stirring in 100 iaL of DI water (200 mL beaker, room 
temperature) during 15 minutes. In a separate 400 mL beaker, 
ferric chloride (3.5 g ) wa s dissolved w ith magnetic stirring in 
100 mL of DI water. After 5 minutes stirring at room 

15 temperature, 0.9 8g of anthraquinone-2-sulf onic acid sodium 

salt (AQ2SA) was added to the ferric chloride solution. This 

« 

solution was stirred for 5 more minutes to dissolve the AQ2SA. 
Then, 5.34g of 5-sulf osalicylic acid sodium salt (SSA) was 
added, and the solution was stirred for 5 more minutes to 

20 dissolve the SSA completely. 

Polymer substrates were immersed inside the 400 mL 
beaker. The entire 100 mL of pyrrole solution was added 
quickly (during 1-2 seconds) to the beaker containing the 
ferric chloride mixture, completely immersing the polymer 

25 substrates into the deposition solution. After 5-15 minutes 
in the deposition solution, the substrates were coated with 
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thin PPy films and were removed ^ the beakerV. Shorter ■. • ; 
deposition times yielded films pt higher transparency ttrid 
higher surface re iista^ci'tiian those deposited at longer 
times. The PPy films were ultrasonically cleaned in a 400. ml, - 
beaker filled with DI water for 30 sec, ultrasonically cleaned 
in methanol for 2 min, and then rinsed in methanol for 20 sec. 
The PPy films were then dried under nitrogen flow. 

The PPy films on the FEP substrates were characterized by 
UV-Vis-NIR spectroscopy and by 4-point probe resistance 
measurement. Measurement of the intensity of the 550 nm peak 
of the PPy film by UV spectroscopy gave both the transparency 
and thickness of the PPy film. Typical transparencies ranged 
' I*ST5^ f ilm thickness ^ 

ranged fro. 10 to 25 nm (using the conversion factor of 0.0375 
A bsorbance units -"3,5 nm thickness). Electrical measurements- 
of the PPy films were made using a Signatone model 4-point 
prob e with a Keithley model 196 Voltmeter and Keithley model 
224 power supply. Typical values of surface resistance for 
as-pre P ared films ranged-between 600-4000 ohm/sq, although 
some preparations yielded PPy films with surface resistances 
as high as 10K ohm/sq; corresponding electrical conductivities 
ranged between 100-1300 S/cm. PPy films allowed to stand in 
air under ambient conditions generally exhibited an increase 
in surface resistance over a period of several days; 
stabilizing at values typically ranging between 5-10 *oh»/sq. 
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PPy films for display fabrication were used as soon as 
possible after deposition to avoid oxidative degradation. 

EXAMPLE 2 . Effect of various reagents on the electrical 
properties of PPy films. T: 

Films of PPy on FEP substrates, prepared as described in 
Example 1, were treated with various solution reagents for 
times ranging from 30 sec to 10 min, and the change in 
surface resistance of the PPy film was measured using the 
four-point probe technique. Although PPy films for these 
experiments were taken from the same preparation, the surface 
resistance values from sample to sample can vary by a factor 
of 2 -3 , so --the~changei^in-^urface-resl 

normalized to the initial value of the PPy film prior to 
exposure to the reagent. For the results shown in the Table 
below, the initial surface resistance values for the PPy films 
ranged from 2 Kohm/sq to 6 Kohm/sq. 

It should be noted with regard to the surface resistance 
changes that if the PPy film is of the highest quality, i.e., 
lowest starting surface resistance/highest conductivity 
values, then the acid doping has little affect. The data in 
the table was obtained for films of moderate quality, where 
the additional increase in- doping level could be discerned. 
However, the base-induced undoping was effective regardless of 
the initial PPy surface resistance - for the typical ranges 
produced above. 
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,• ..The reagents and theit effect on the surface resistance 
are listed below for 1 min immersion times at 22»C: 

surface Resista nce [&!,' 
• Reagent ■ . \/ . .. . ... ' - <" change 

1:1 MF-312. developer (see Ex. 3) gSSSS IS" 

Cone. NH 4 OH Increased 1.3x 

4M NaOH (aq) increased 1.4X 

1M CH 3 COOH increased 1.9X 

30% H 2 0 2 Decreased 2. Ox ^ 

1M HC1 Decreased l-7x 

1M H 2 S0 4 Decreased 3.2X 

1M HN0 3 tM Decreased 1.9X 

1M HC10 4 Decreased 1.4X 

1M NaN0 3 Unchanged (<10%) 

0.1M AgN0 3 Decreased 2.5x 

1M Mn0 2 in 1M HC1 _ Removed film 

Clorox bleach (5.25% NaOCl (aq) ) Removed film 

O.lM (KH 4 ) 2 Ce(S0 4 ) 3 increased 1.4X 

Acetone . v 

The.. data show that reagents such as MF-312 develops 
end assoniun hydroxide severely inpair the surface resistance 
(end therefore the electrical conductivity, of PPy "IBS, 
acidic reagents can isprove P. and o hy' -2-», acetone vhich as 
employed in the photoresist reeoval step (See Examples 2 and 
5 . 3, does not serially affect the electrical properties . and 
strongly oxidizing reagents such as .odiu. hypochlorite and , 
eerie ae-oniu. sulfate dissolve the PPy f il» and reeove it 
from the f luoropolymer substrate. 

HMHij.- fabrication of patterned PPy films using sodium 
30 hypochlorite et chant. 
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Polypyrrole-coated FEP substrates were produced as 
described in Example 1. The PPy-coated' substrate was spin- 
coated with 1.2 m» thick film of S1400-27 photoresist (Shipley 
Co.). The photoresist was exposed to 20 sec (total dose - 200 
mJ/cm 2 ) of patterned UV (365-405 nm) radiation using a Hg/Xe 
lamp-based contact printer (Karl Stiss Co.) with a chrome-on- 
glass contact mask. The exposed photoresist was dissolved 
using MF-3 12 developer (Shipley Co.) at 1:1 dilution with DI 
water (the diluted solution is composed of 0.27N 
tetramethylammonium hydroxide, TMAH) foe 1.5 min and was 
rinsed with DI water. The substrate was then immersed in a 
solution of Clorox* bleach (aqueous sodium hypochlorite) for 
30-j60_sec_to_ dissolve the PPy film from the jregions left . 
unprotected by the photoresist; the substrate was then rinsed 
with DI water and dried under a stream of nitrogen. The 
photoresist was then removed by immersing the substrate in 
acetone for 1 min, and the substrate was rinsed with DI water 
and dried. Examination of the substrate by optical microscopy 
showed patterned regions of polypyrrole that replicated the 
patterns on the contact mask, with features having minimum 
linewidths of -50 /im and sharply defined edges. The same 
procedure was used with a contact mask having serpentine 
patterns and linewidths as fine as 10 /Am. Optical micrographs 
of the patterned PPy films are shown in Figures 2a and 2b, 3, 
and 4. In Figures 2a and b, the lighter regions are those in 
which the conducting polymer remains, and the darker regions 
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are those in; vhich the conducting polymer was removed. In ^ 
Figures 3 and 4, the lighter regions are those in which the : 
conducting polymer was removed and, the darker regions are . 
those in which the conducting polymer remains. 

The same PPy patterning procedure was used as described 
above, with the exception that a high resolution lithographic 
test mas* was employed with an exposure dose of lOO-mJ/cm' and 
a development time of 1.5 Bin. Inspection of PPy patterns 
under the optical microscope revealed patterns with minimum 
linewidths of 1-2 Mm. 

SX^EJL. Fabrication of patterned PPy using eerie 

ammonium sulfate etchant. 

Polypyrrole-coated FEP substrates are produced as 
described in Example 1 and are coated with photoresist, 
exposed and developed as described in Example 2. The , 
substrate is then immersed in an 0.1 M aqueous solution of 
eerie ammonium sulfate for a period of 10 min or less to 
remove the PPy film from the regions not protected by 
ph otoresist, rinsed with DI. water and dried. The photoresist 
, is removed by immersion in acetone as described above, leavxng 
patterns of PPy on the FEP substrate. 
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EXAMPLE 5 . Fabrication of patterned PPy films with lowered 
surface resistance. 

Patterned polypyrroie-coated FEP substrates are produced 
as described in Example 3. After removal of the photoresist, 
the patterned PPy film is immersed in a solution of aqueous 
(1M) nitric acid for 1 min, rinsed with DI water and dried. 
The acid dip decreases the surface resistance of the PPy by a 
factor of' ~3x. 

EXAMPLE 6 . Fabrication of patterned PPy films using MF-3 12. 

Polypyrrole-coated FEP substrates were produced as 
described in Example 1 and were coated with photoresist, 
""exposecTaiTd'^ve^ "The MF-3 12 

developer degrades the electrical properties of the PPy film 
in the regions unprotected by the photoresist. The 
photoresist is then stripped with acetone as described above. 
The fluoropolymer substrate now has patterns of highly 
conductive PPy film corresponding to the regions that were 
protected by the photoresist; in the other areas, damaged PPy 
with -150x higher surface resistance remain. 

EXAMPLE 7 . Fabrication of a liquid crystal display using 
patterned PPy films. 

An unpatterned PPy-coated fluoropolymer substrate (-2" 
square) was produced as described in Example 1. A patterned 
polypyrroie-coated FEP substrates was produced as described in 
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B^ple,. *1» ,* thick Teflon spacer was inserted between. 
t& two substrates to be able to control the spacing of the 
coll. The PDLC device is fabricated by .ixin, equal weight 
percenter of eutectic nenatic liquid crystal nixture E7 (EM 
cheeicals, and OV curable ' optical adhesive. norland Optical ■ 
Adhesive «S. Before polyecrization of the Horland adhesive. 
«. iiquid crystal is dissolved in a pre-polyeer. and a snail- 
M ountof this honogeneous fixture is placed on the conducting 
polyeer substrate with the spacers. The substrates are place* 
on top of each other with the conducting surfaces facing 
toward the inside of the, cell with a «U offset, such that 
tne electrical contact can be »ade. The sanple is 

•»,foiv twenty minutes using 360 nm 
phbtopolymerized for approxuaately twenty 

« a „ electrical power supply was made 
UV light. Connection to an eiecxricoa y 

* attaching netai clips to the PPy file-coated substrate. 
The PDLC device, fabricated in this nanner using the 
polypyrrole file as the conducting substrate, exhibits 
electrooptic. switching. The voltage dependence of the 
intensity Of transmission of the .PDLC device with polypyrrole 
urates shows , threshold voltage of about » vClts beyond 
which the intensity attains a saturation value. 

■ * 

Bam. .. PO^C device fabricated free PPy file on PET. 

.Tueber of PDLC devices have been fabricated using both 
polypyrrole and polyaniline files as electrodes. Here the 
5 fabrication and working o, one type of PDLC as a typical 
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example is described. The PDLC device was fabricated using 
polypyrrole coated PET as described in Example 2. A schematic 
diagram of thls'^evice-TQie— diagram is generic for any type of 
conducting polymer film) is shown in Figure 5. This device 
has a very important feature - the electrically conducting 
surfaces by which the voltage is applied to the device are 
conducting polymer films. Thus, the ITO coated glass or 
plastic conducting substrates of the usual PDLC devices are 
replaced by conducting polymer films in this device. 

The conducting polymer (polypyrrole) coated PET was cut 
into strips of appropriate size (e.g., 5x5 cm 2 ) for the PDLC 
cell fabrication. To be able to control the spacing of the 
— c^ri-between-the^electrodes»— ©ne- of-the- substrates was treated 
with the 15 micron size spacers. The PDLC device was 
fabricated by mixing equal weight percentages of eutectic 
nematic liquid crystal mixture E7 (EM Chemicals) and UV 
curable optical adhesive, Norland Optical Adhesive #65. The 
ordinary refractive index of the liquid crystal is nearly 
equal to that of the polymer (n=1.524), a prerequisite to 
fabricating a PDLC light shutter. Before polymerization of 
the Norland adhesive; the liquid crystal was dissolved in a 
prepolymer and a small amount of this homogeneous mixture was 
placed on the conducting polymer substrate with the spacers. 
The substrates were placed on top of each other with the 
conducting surfaces facing toward the inside of the cell with 
a small offset, such that the electrical contact can be made. 
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The aaople -ae photopolyneriaea for approximately twenty V 

min utes in* ii,ht Oeon.): As the P re-poiy»r ; . ; , 

poXy^rUes. the low -olecuXar weioht Xi^uia ^ " "° 

Li * - a« it ~r^?*Ti • 

ap rate, f roil ''.the PoXyaer - »*" 

.orphoXosy W- to £ ona ana the aropXete continue to^~ , 
JL - poXyaer hinaer XoOs in the aropXet «^ 
1. aevice. t a W i=.tea in this ^ — , 

^e £ iX« as the conanctin, annate. exhih^, 

LoTo-optic switching ^ ^ * ^^^oia 
density o £ transmission o £ th. «. - «^ 

su6 strat.e showea a threes voXta 9 e o £ ..out 1 

_ the ^ -- ; ^r^ - .;, 

w .. the qualitative nature of the var 
behavior, the qua „ as the magnitude of 

, • j , m n-aae as well as ""^ 

. — * ^ appiied — ~ — — iy 

the threshold voltage, are very sx 

• o «ith ITO based substrates, 
used PDLC devices with liu 

HMB ^. — ne.atic «^ — aiepX.y aevice 

^ » ppv film en PET. 

fabricated from PPy films 
A ™ cexl was .abrieatea usin, polypyrrole £ xl.a 

a PET aa in Example 2 . Tne cell « 
.apoa.tea on -Lucting substrates, two poXariaers, spacere 
consists o £ two conauct.n, 

to control tne cell thicfcn.es. ana _ 

■ „, , E7 , The conaucting subatratea we 
cry atal naterxal (E7, ali9nB ent. 
25 (uniairectional ruhhea, to create unx £ o 
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The substrates were sandwiched together with the conducting 
sides facing each other, a small offset to allow for electric 
connections; and with the" alignment-direction at the top 
substrates rotated at 90» with respect to the bottom 
substrates. The spacers, (usually 3-10 microns)' were placed 
between the substrates so as to control the cell thickness. 
The two opposing side edges are sealed with an epoxy glue and 
the cell is filled with the liquid crystal by capillary 
action. Placing the cell between crossed polarizers completes 

the TN display. 

The electro-optic characteristics of a TN device, 
fabricated using the conducting polymer (polypyrrole) films 

-aipoIlW-on-PEr---^ 

investigated. The applied voltage was 24 volts across the 
thickness of the cell. The rise time and the off -time, 
evaluated from the value of the optical intensity at 10% and 
90% of the intensity, are 35 ms and 54 ms. Thus, the 
functioning and the characteristics of a working TN device 
fabricated with an optically transparent conducting polymer as 
the conducting substrate has been demonstrated. This reduces 
the steps involved in the device fabrication. 

Obviously, numerous edifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the 
' scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 
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, r . a process for preparing a patterned conducting 
polymer surface, said process comprising: ,J 

(a) forming a surface of a conducting polymer on a 

surface of a substrate; 
lb , forming a surface of a blocking material on said 
...surface of said conducting polymer in a patternwise 
^fashion/ to obtain a first patterned surface 

containing regions of exposed conducting polymer and 
regions of blocking material; 
(c) treating said first p atterned surface with' an agent 
" " : whichT d) removes said conducting polymer from said 

regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of saxd 
conducting polymer in said regions of exposed 
conducting polymer; and 
(a) renovin, said bloOcin, material to obtain a second 
patterned surface containing an exposed pattern of 
conducting polymer. 
2 Th e process of'clain 1. wherein said substrate is 
selected fro. the g roup consisting of ,lass. quart,, silrca. 
, silicon, silicon nitride, alanine, aluninun nitride, titanxa. 
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titanium nitride, diamond, waxes > polyesters , 
polyvinylacetate, polyolefins, polyethers, 
polyvinylmethylether, polyviriylbutylether, polyamides, 
polyacrylamide, poly imides, polycarbonates, polysulfones, 
polyketories, fluoropolymers, aromatic hydrocarbon polymers, 
acrylate and acrylic acid polymers, phenolic polymers, 
poiyvinylalcohol, polyamines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 
polyvinylbutyral, copolymers thereof, and mixtures thereof. 

3. The process of Claim 1, wherein said conducting 
polymer is selected from the group consisting of cis and trans 
polyacetylenes, polydiacetylenes, polyparaphenylenes, 
polypyrroles , polythiopheneffr-poly bithi °P henes ' 

poly isothianaphthene , polyphenyleneviny lenes , 
polythienylvinylenes, polyphenylenesulf ide, and polyaniline. 

4. The process of Claim 1, wherein said conducting 
polymer is polypyrrole. 

5. The process of Claim 1, wherein said conducting 

polymer is polyaniline. 

6. The process of Claim 1, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^H/ 
OH" (where R is C^-alkyl) , HCl, HN0 3 , HC10 4 , and H 2 SO,. 

7. The process of Claim 1, wherein said agent is a 
hypochlorite salt. 
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. 8, The process of Claim 1, wherein said' agent is 
tetramethylammohium hydroxide. 

9 . A patterned conducting polymer surface prepared by a 

process comprising: 

( a) forming a surface of a conducting polymer on a 
surface of a substrate; 

(b) forming a surface of a blocking material on said 
surface of said conducting polymer in a patternwise 

• fashion, to obtain a first patterned surface 
.... containing regions of exposed conducting polymer and 

regions of blocking material; 
(c) treating said first patterned surface with an agent 
which: (i) removes said conducting polymer from saxd 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 

polymer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said 
conducting polymer in said regions of exposed 
conducting polymer.; and 
(a, re-ovin, said biodcin, .ateriel to obtain a second 
patterned surface containing an exposed pattern of 
conducting polymer. 
10 . The patterned surface of Claim 9, wherein said 
substrate is selected from the group consisting of glass, 
3 guartz, silica, silicon, silicon nitride, alumina, aluminum 
nitride, titania, titanium nitride, diamond, waxes, 
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polyesters, polyvinylacetate, polyolefins, polyethers, 
polyvinylmethylether, polyvinylbutylether , polyamides., 
polyacry lamide / poly imidesTT?crtycarbon«tes>-polysu-lf ones , 
polyketones, f luoropolymers , aromatic hydrocarbon polymers, 
acrylate and acrylic acid polymers , phenolic polymers, 
polyvinylalcohol, polyamines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 
polyvinylbutyral, copolymers thereof, and mixtures thereof. 

11. The patterned surface of Claim 9, wherein said 
conducting polymer is selected from the group consisting of 
cis and trans polyacetylenes, polydiacetylenes, 
polyparaphenylenes, polypyrroles, polythiophenes, 

— po-lybithiophenes-}-p©-lyisothianaphthene^ — 
polypheny lenevinylenes , polythienylvinylenes , 
polyphenylenesulf ide, and polyaniline. 

12. The patterned surface of Claim 9, wherein said 
conducting polymer is polypyrrole. 

13. The patterned surface of Claim 9, wherein said 
conducting polymer is polyaniline. 

14. The patterned surface of Claim 9, wherein said agent 
is selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^NH,' 
OH" (where R is C^-alkyl) , HC1, HNO Jf HC10 4 , and H 2 S0 4 . 

15. The patterned surface of Claim 9, wherein said agent 
is a hypochlorite salt. 
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^. 16 :.; patted surface: of; Claims, wherein said agent 

Is tetramethy ianmonium hydroxide . 

IT. : Ah electronic, or electroptic device, comprising a V 
patterned conducting poller surface, said patterned . ; 

conducting Poller surface prepared- hy a process comprising:. 
( a> forming a surface of a conducting polymer on a 

surface of a substrate; 
>, forming a surface of a blocking material on said , 
• * surface of said conducting polymer in a patternwise 
fashion, to obtain a first patterned surface 
containing regions of exposed conducting polymer and 

regions of blocking material ; 
(C ) treating said first patterned surface with an agent 
which: (i) removes said conducting polymer from saxd 
regions of exposed conducting polymer; (ii) / 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
polymer; or (iii> increases the conductivity of said 
conducting polymer in said regions of exposed 
conducting polymer; and 
(d) ■ removing said blocking material to obtain a second 
patterned surface containing an exposed pattern of 
conducting polymer. 
18. The device of Claim 17; wherein said substrate is 
5 selected from the group consisting of glass, quartz, silica, 
silicon, silicon nitride, alumina, aluminum nitride, titania, 
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titariium nitride, diamond, waxes, polyesters, 
polyviny lacetate, polyolefins, polyethers, 
polyviny lmethy lether , polyviny lbuty lether ,~ polyamides , 
polyacrylamide, polyimides, polycarbonates, polysulfones, 
polyketones, f luoropolymers, aromatic hydrocarbon polymers, 
acrylate and acrylic acid polymers, phenolic polymers, 
polyviny lalcohol, polyamines, polypeptides, siloxane polymers, 
polyviny lchloride, polyviny lbenzylchloride, polychlorostyrene, 
polyvinylbutyral, copolymers thereof, and mixtures thereof. 

19. The device of Claim 17, wherein said conducting 
polymer is selected from the group consisting of cis and trans 
polyacetylenes, polydiacetylenes, polyparaphenylenes, 
polypyrroles, poly-thiophenes polybithiophenes , 
polyisothiahaphthene, polyphenylenevinylenes, 
polythienylvinylenes, polyphenylenesulf ide, and polyaniline. 

20. The device of Claim 17, wherein said conducting 
polymer is polypyrrole. 

21. The device of Claim 17, wherein said conducting 
polymer is polyaniline. 

22. The device of Claim 17, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, agueous R«. X NH/ 
OH' (where R is C^-alkyl) , HC1, HNO„ HC10 4 , and H z S0 4 . 

23. The device of Claim 17, wherein said agent is a 
hypochlorite salt. 
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•: '-'ii: The device of Claim 17, wherein said agent is 

^ ^ramethvlanmonium hydroxide . - 

,; 25 - V The device of Claim 17, which is a liquid crystal ; 

display ; ' , '.> : 
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FIG.2A- 




FIG.2B 

SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 
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a: Substrate: PET, FEP, OR Glass 
b: Conducting Polymer 



FIG. 5 
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CONDUCTING POLYMER TWISTED NEMATIC CELLS: 

a: Polarizer / Analyzer 
b: Substrate: PET, FEP, Glass 
c: Conducting Polymer: PPy, PANI 
d: Alignment Layer: Rubbed PPy or PANI 

Rubbed Polylmlde, 
Non-rubbed Alignment Layer 

CONVENTIONAL TWISTED NEMATIC CELLS: 

a: Polarizer / Analyzer 

b: Substrate: Glass 

c: Conducting Coating: ITO 

d: Alignment Layer: Rubbed Polymlde 

SUBSTITUTE SHEET (RULE 26) 
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